Introduction
The phylum Echinodermata is represented by almost 7000 living and 13,000 fossil species in the world's oceans and has 5 classes, namely Crinoidea, Asteroidea, Ophiuroidea, Echinoidea, and Holothuroidea (Pawson, 2007) . In the Mediterranean Sea, 154 echinoderm species have been reported to date, with high species richness being encountered in the Aegean Sea (107 species) (Coll et al., 2010) . Echinoderm species generally live in the marine benthic environment, but some species have adapted to the pelagic zones and the brackish benthic areas.
The echinoderm fauna along the coasts of Turkey was first studied by Forbes (1843 Forbes ( , 1844 , who reported 8 species from the Aegean Sea. Some echinoderm species were later reported from the Sea of Marmara (Colombo, 1885; Ostroumoff, 1894 Ostroumoff, , 1896 Marion, 1898) . More detailed studies on echinoderms in the Sea of Marmara were conducted by Demir (1952) , and Tortonese and Demir (1960) , who reported 27 and 44 species in the area, respectively. The other contributions to our understanding of the echinoderm diversity in the Sea of Marmara were made by Balkis (1992) , Albayrak (1996) , Topaloğlu et al. (2004) , Özgür and Öztürk (2010) , Altuğ et al. (2011) , and Aslan-Cihangir and Pancucci Papadopoulou (2012) .
After the studies by Forbes (1843 Forbes ( , 1844 , the echinoderm species on the Aegean coast of Turkey were then reported in some papers (Geldiay and Kocataş, 1972; Kocataş, 1973 Kocataş, , 1976 Kocataş, , 1978 Ünsal, 1973; Önen, 1983; Özaydın, 1991; Ergen et al., 1994; Özaydın et al., 1995; Çinar and Ergen, 1998; Zaitsev and Öztürk, 2001; Çinar et al., 2002 , 2005 , 2006b , 2012a Aslan, 2005; Doğan et al., 2005; Öztürk et al., 2005; Yokeş and Galil, 2006; Öztürk, 2006; Aydin et al., 2007; Özgür and Öztürk, 2007; Dağlı et al., 2008; Altuğ et al., 2011; Aslan-Cihangir, 2012) . There are a small number of benthic studies on the echinoderm fauna of the Levantine coast of Turkey (Özaydın et al., 1995 , Yokeş and Galil, 2006 , Çinar et al., 2006a , Özgür et al., 2008 Çinar, 2012b) . In the study conducted by Özgür et al. (2008) , 42 and 71 echinoderm species were reported from the Levantine and Aegean coasts of Turkey, respectively.
Along the Black Sea coast of Turkey, echinoderms were studied by Jakubova (1948) , Bacescu (1961) , Bacescu et al. (1971) , Caspers (1968) , Kiseleva (1969 Kiseleva ( , 1981 , Sezgin et al. (2007) , Karhan et al. (2008) , and Sezgin and Dağlı (2009) .
The aims of the present study were to give a checklist of the echinoderm species reported from the coasts of Turkey to date, and to determine the species richness along the coasts by using a grid system and to assess the areas where weak and intensive research efforts have been focused.
Materials and methods
A checklist of the echinoderm species from the coasts of Turkey was prepared, based on benthic studies performed in the Turkish Exclusive Economic Zone. The first reports of the species in the areas are indicated in the Table. The substratum types and the depth ranges where the species were encountered are also shown in the Table. In order to determine the hotspots of echinoderm diversity and the areas where weak and intensive research efforts have been focused to date, the coasts of Turkey were divided into grids of squares 15 × 15 km. All distribution data of each species were entered into an Excel file and then imported and digitized using ArcGIS 9.3.
Results and discussion
The compilation of papers regarding the echinoderm fauna along the coasts of Turkey yielded a total number of 91 species belonging to 5 classes (Crinoidea, Asteroidea, Ophiuroidea, Echinoidea, and Holothuroidea) (Table) . Tortonese (1959) ; 9: Tortonese and Demir (1960) ; 10: Bacescu (1961) ; 11: Artüz (1967) ; 12: Artüz (1968) ; 13: Caspers (1968) ; 14: Kiseleva (1969) ; 15: Bacescu et al. (1971) ; 16: Geldiay and Kocataş (1972) ; 17: Ünsal (1973) ; 18: Özaydın et al. (1991) ; 19: Balkıs (1992) ; 20: Ergen et al. (1994) ; 21: Özaydın et al. (1995) ; 22: Albayrak (1996) ; 23: Çinar and Ergen (1998) ; 24: Zaitsev and Öztürk (2001) ; 25: Çinar et al. (2002) ; 26: Yokeş and Galil (2006) ; 27: Çinar et al. (2006a) ; 28: Karhan et al. (2008) ; 29: Özgür et al. (2008) ; 30: Sezgin and Dağlı (2009) ; 31: Stöhr et al. (2010) ; 32: Gözcelioğlu (2011) ; 33: Aslan Cihangir and Pancucci Papadopoulou (2012) .
Table. (Continued).
The Aegean Sea is represented by the highest number (76 species) of species, followed by the Sea of Marmara (64 species), the Levantine Sea (51 species), and the Black Sea (17 species) (Figure 1) . Among the classes, Ophiuroidea had the highest number of species (24 species), 16 of which were reported from the Sea of Marmara and the Aegean Sea (Figure 1 ). Asteroidea were also represented by a high number of species (23 species), of which 22 species were determined from the Aegean coasts of Turkey.
The Marmara and Levantine coasts of Turkey possessed low asteroid diversity (17 species) (Figure 1 ). Only one echinoid species (Echinocyamus pusillus) is known from the Black Sea coast of Turkey, whereas the Aegean Sea, the Sea of Marmara and the Levantine Sea were represented by 18, 17, and 14 echinoid species, respectively (Figure 1) . Özgür et al. (2008) reviewed the echinoderm fauna of Turkey and reported 80 species from the coasts. Afterwards, 11 species (Astropecten irregularis pentacanthus, Amphiodia (Amphispina) obtecta, Amphiura cherbonnieri, Amphiura lacazei, Amphiura (Ophiopeltis) securigera, Ophiactis macrolepidota, Ophiocten abyssicolum, Holothuria (Panningothuria) forskali, Holothuria (Platyperona) sanctori, Synapta hispida, and Thyone fusus) were reported along the coasts of Turkey (see Table) . The holothuroid echinoderm Ocnus orientalis, which was reported from the Sea of Marmara by Ostroumoff (1894 Ostroumoff ( , 1896 , was considered as Stereoderma kirchsbergii by Cherbonnier (1960) . In the Sea of Marmara, Arbacia lixula was reported by Ostroumoff (1894 Ostroumoff ( , 1896 and no other record of this species has been noted in the area to date. Therefore, the presence of A. lixula in the Sea of Marmara seems to be questionable.
According to Coll et al. (2010) , 107 echinoderm species occur in the Aegean Sea, of which 76 species were reported from the Turkish part of the Aegean Sea (present study). Seventy-three echinoderm species are known to occur in the Levantine Sea, whereas 51 species have been reported from the Levantine coast of Turkey to date.
The hotspot areas for echinoderm diversity and the areas where intensive or weak scientific efforts have been focused to date along the Turkish Exclusive Economic Zone are shown in Figure 2 . The highest species richness (24-28 species in 1 grid square) was determined to the south of İstanbul, to the west of Gökçeada, and İzmir Bay. The other hotspots for echinoderm diversity (18-23 or 15-17 species in 1 grid square) were areas near İzmir Bay, Bozcaada, İstanbul, and the western part of Kapıdağ Peninsula. The differences in species richness are mostly attributed to the intensity of the studies performed in the areas and the hydrographical conditions of the seas surrounding Turkey.
The highest number of echinoderm species (83 species) was encountered at depths ranging from 11 to 50 m, and the lowest (8 species) at depths of 600 m and greater (Figure 3) . The species that inhabited the deepest parts of the areas (>600 m) are Hymenodiscus coronata, Amphiura chiajei, Ophiura ophiura, Brissopsis lyrifera, Cidaris cidaris, Psammechinus microtuberculatus, Ocnus koellikeri, and Oestergrenia digitata.
The increase in new species reports from the coasts of Turkey in a time scale between 1843 and 2014 is shown in Figure 4 . Authors that made significant contributions to our understanding of the Turkish echinoderm fauna were Forbes (1843 Forbes ( , 1844 , Colombo (1885) , and Ostroumoff (1894 Ostroumoff ( , 1896 Ostroumoff ( ) between 1843 Ostroumoff ( and 1910 Demir (1952 Demir ( ) between 1940 Demir ( and 1955 and Ünsal (1973 ) between 1970 and 1985 (Figure 4) .
Among the echinoderms determined, 66 species were found on soft substrata, while 8 species were reported on hard substrata and 17 species on both soft and hard substrata.
Six echinoderms (Asterias rubens, Amphiodia (Amphispina) obtecta, Ophiactis macrolepidota, Ophiactis savignyi, Diadema setosum, and Synaptula reciprocans) were regarded as alien species (Table) . According to Karhan et al. (2008) and Dalgıç et al. (2009) , A. rubens was introduced from the northeast Atlantic Ocean to the Sea of Marmara via the ballast waters of ships. Amphiodia (Amphispina) obtecta is an Indo-Pacific species and might have migrated from the Red Sea via the Suez Canal or an Indo-Pacific area via ballast water of ships (Stöhr et al., 2010) . It was postulated that larval transport through the Suez Canal, shipping, and the aquarium trade are the (Yokeş and Galil, 2006) . The other alien species (O. macrolepidota, O. savignyi, and S. reciprocans) are lessepsian migrants (Çinar et al., 2002 , 2006a Stöhr et al., 2010) .
In conclusion, the coasts of Turkey are represented by low echinoderm diversity in comparison with the adjacent seas. This could be attributed to the small number of studies carried out along the coasts of Turkey. Therefore, more scientific efforts, especially in deep-sea areas and some specific habitats including coralligenous ones, are required to better understanding of the echinoderm fauna of Turkey.
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